In December 2001 China became a member of the World Trade Organization (WTO). By signing the accession protocol, China not only agreed to reform its trade policy, but it also accepted regulations that implied reductions on government subsidies to the state-owned sector. In this paper we claim that the latter, largely ignored in the literature, generate important welfare gains that need to be attributed to WTO accession. We develop a dynamic general equilibrium model with state and private enterprises. We calibrate the model to the Chinese economy and we quantitatively assess the economic effects of reducing subsidies to the state sector as required by the WTO. We find the welfare benefits of such reduction in subsidies to be substantial.
Introduction
In December 2001, after fifteen years of negotiations, China became the 143rd member of the WTO in what was seen as an important step towards world economic integration. In signing the WTO accession protocol, China committed itself to follow in a set of rules and regulations aimed at facilitating international trade. Most of these regulations required changes in trade policy, such as tariff reduction, elimination of quotas, and improved accessibility to domestic markets by foreign competitors. An extensive literature has focused on the potential effects of these trade policy reforms on China and on the rest of the world (see, for instance, World Bank 2004 and the studies cited therein.)
Less attention has been given to another set of regulations, also included in China's accession documents, involving provisions that lead to deeper reforms in China's state-owned sector. 1 This second set of provisions could potentially have substantial economic effects on the Chinese economy, given that China's state-owned enterprises (SOEs) are large, inefficient, and heavily subsidized. We argue that the welfare benefits derived from reforms on the SOE sector promoted by WTO accession are important, and should be added to any welfare gains derived from the pure effects of trade policy reform. Assessing the welfare gains derived form this set of provisions is the objective of this study.
In this paper we develop a dynamic general equilibrium model in order to assess the welfare benefits of introducing the reforms on the SOE sector implied by China's WTO accession documents. The basis of our framework is a one-sector neoclassical growth model with exogenous technological change where two types of producers coexist: SOEs and private enterprises. SOEs and private enterprises produce a perfectly substitutable good, using a constant returns to scale technology. SOEs differ from private enterprises in three aspects: their ability to choose employment levels, the subsidies that they receive from the government, and their productivity levels. In particular, SOEs are required to maintain a minimum level of employment, and receive government subsidies in exchange. 2 SOEs receive two types of subsidies: direct subsidies, such as cash payments used to cover production losses, and capital subsidies, or low-interest loans from state banks. Given that the magnitude of the effects of WTO accession on capital subsidies is hard to assess, in this paper we mainly concentrate in studying the effects of WTO accession on direct subsidies, and give some estimates of the economic effects of reducing the capital subsidies. Regarding productivity levels, we find that SOEs are less efficient than private firms operating in the same industry.
This difference in efficiency between SOEs and private enterprises is crucial in determining the findings of this paper, as we explain below.
In this paper we take SOE policy and WTO accession as exogenous policy decisions. An interesting question, left for further research, is whether similar SOE reforms would have occurred in China independently of WTO accession. Using a political economy approach, Branstetter and Feenstra (2002) find that regional and local governments favor state-owned enterprises. We take their results as indicative of the existence of special interest groups that benefit from SOEs and thus may create political pressures to keep the SOE subsidies high.
Linking SOE reform to WTO accession may be a way to overcome these pressures.
We calibrate the parameters of the model to the Chinese economy and compare the transitional dynamics of several economies that reform the SOE sector along different dimensions with a benchmark economy that does not reform its SOE sector. We find that the welfare gains of WTO-induced reforms on direct subsidies to SOEs are of 1.5 percent in terms of equivalent variation. 3 This increase in welfare is the result of the combination of two effects:
a factor reallocation effect and a capital accumulation effect. The factor reallocation effect is static in nature, and implies a movement of factors of production from the SOE sector to the more efficient private sector. The capital accumulation effect is dynamic in nature and arises because the change in subsidies affects the interest rate and, therefore, the economy's incentives to accumulate capital. When capital subsidies are also reduced over the reform period, welfare gains increase to 4.4 percent relative to the benchmark. The additional gains are mainly obtained from a deeper reduction in SOE employment that is needed to comply with WTO requirements. Total factor productivity (TFP) levels are consistently above benchmark during the transition in all reformed economies.
The magnitude of the factor reallocation effect, and the subsequent increase in TFP, is a key determinant of the welfare gains of SOE reform. Therefore, calibrating the relative inefficiency of the SOE sector is crucial in this study. The calibration procedure, which is explained in detail in section 5, delivers that private firms are about 40 percent more productive than SOEs. These relative inefficiencies are consistent with results in Schmitz (1997) , who finds private firms to be more productive than SOEs operating the same industries.
The analysis of the transitional dynamics illustrates the differences in transition paths between the reformed economies and the benchmark. The reformed economies grow at a slower rate than the benchmark economy in the pre-reform periods, as individuals hold on their investments until the reforms start, and grows faster during the reform periods, arriving sooner to its balanced growth path.
This paper's main message goes well beyond the case of China's WTO accession: once domestic policy reforms associated with a trade agreement are taken into account, the total benefits of trade liberalization may substantially exceed the benefits derived from pure tariff reduction, especially in countries with large state sectors. The methodology developed in this paper is suitable for analyzing the economic effects of industrial subsidy reforms both in countries with large state sectors and in countries with highly subsidized industrial sectors.
This paper relates to several existing literatures. First, it relates to the literature that analyzes the effect of domestic distortions on a country's total factor productivity. Two recent papers in this literature are Restuccia and Rogerson (2008) and Hsieh and Klenow (2007) . Restuccia and Rogerson (2008) show that distortions that create heterogeneity in the prices faced by different firms in the same sector can have strong effects on output and real GDP. Hsieh and Klenow (2007) objective is for SOEs, including banks, to run on a commercial basis and be responsible for their profits and losses." Nevertheless, the report does not stipulate a timetable for the introduction of these capital market reforms, which damages the report's credibility. Furthermore, any measure induced by WTO accession that increases competition may have an implicit effect on the SOE sector. In this paper we consider one of those measures, the opening of the financial sector to foreign banks, and the effects that it may have on the preferential treatment of the SOEs by state banks. According to the WTO accession agreement, China is to gradually open its financial sector to foreign banks, which should receive national treatment five years upon accession. The increase in competition in the financial sector brought by foreign banks will require state banks to be more profit-based in order to survive and, therefore, to reduce their lending to non-performing SOE. In this paper, we take
China's pledge of running state banks on a commercial basis as a sign that SOE's capital subsidies will most likely be reduced during the reform period, but we do not attempt to quantify by how much.
The Model
In this paper we develop a dynamic general equilibrium model to quantitatively assess the economic effects of SOE reforms in an economy where subsidized government enterprises co-exist with private competitive firms. We use the term private firms in a very general sense, including within it a combination of foreign firms and domestic enterprises which are not covered by government subsidies.
The framework that we use in this paper is a one-sector, closed economy, neoclassical growth model with two types of firms. The closed economy assumption is taken in order to isolate the effects of subsidy reduction, induced by WTO accession, from those of tariff reduction. By analyzing these effects in isolation, this paper presents a new channel through which trade policy affects the economy: implied reforms on domestic industrial subsidies.
Producers
There are two types of producers in the economy: SOEs and private firms. Private firms and SOEs differ in three aspects: their technology levels, their ability to choose their labor input, and their cost of capital. Technology differences are taken as exogenous and calibrated to the data. The labor input and the cost of capital are determined by the market in the private sector, but are influenced by the government in the SOE sector. In particular, SOEs hire labor at market prices, but are required to keep employment above a pre-designed level, which we denote the minimum labor requirement. 5 In exchange for keeping a high level of employment, the government is committed to cover any losses incurred by the SOEs with direct cash payments. We call these cash payments direct subsidies. SOEs also rent capital at market prices, but receive a capital subsidy for each dollar worth of capital rented.
If we denote the rental rate of capital by R, the state enterprises rent capital at a rate (1 − s)R. These assumptions about the SOE sector are designed to capture the SOEs' role as promoters of employment, as well as the two main forms of subsidies to the SOE sector used by governments: direct subsidies and preferential treatment by state banks in form of lower interest rates and easy access to credit.
The production function of a firm with ownership of type s, s = P, G, is defined as:
where Y st is the production of the aggregate good by sector s at period t, K st and L st are the capital and labor inputs, respectively, and A s γ (1−α)t is the productivity parameter. Notice that we allow for the technologies of the private and government enterprises to differ in the technology parameter, but we take the capital share of income to be the same in both private enterprises and SOEs. Therefore, in this model, any differences that may exist in the capital-labor mixture used by the private and the state sectors are attributed to government policy.
Both SOEs and private firms maximize profits taking prices and government policies as given. In making this assumption, we follow studies by Perkins (1994) and Yin (1998 and ) that argue that the contract management responsibility system introduced in China in 1984, which allows managers of SOEs to keep any above-target profits, has encouraged managers to seek profit maximization. Therefore, the SOE problem consists of maximizing profits given the labor requirement imposed by the government and the capital subsidy rate. If the minimum labor requirement is not binding, the SOE makes zero profits. If the minimum labor requirement is binding, the SOE may make negative profits. In this case, a direct subsidy is used to cover the losses. We assume that there are M identical SOEs, each facing a minimum labor requirement of L/M . 6 It is easy to show that the aggregate decisions in the state-owned sector are equivalent to the decisions in an alternative environment with only one SOE firm that faces a minimum labor requirement of L. Since we are only interested in the aggregate SOE sector, in the rest of the paper we derive conditions under the single-SOE assumption, keeping in mind that in the disaggregated world, a minimum labor requirement applies to each firm. In what follows, we use the terms "SOE sector" and "SOEs" interchangeably.
The first order conditions for the private firms are:
where τ is the tax rate on firms' output, R P t is the rental rate of capital in period t, and w t is the wage. Similarly, the first order conditions for the SOE can be written as:
Here L denotes the minimum labor requirement set by the government for the SOE.
Given a period's endowment of capital and labor, we can analytically solve for the amount of inputs used and output produced in each sector. By combining the first order conditions
(2)- (5) it is easy to see that private firms coexist with the SOE if and only if
That is, the private firms' productivity relative to the SOE has to be high enough, given the capital subsidy rate. If this condition is not satisfied, the private firms cannot compete with the subsidized SOE and exit the market. In the rest of the paper, we assume that this condition is satisfied. 7 Therefore, the SOE hires just enough labor to fulfill the minimum labor requirement, and both private firms and the SOE coexist. In equilibrium SOE profits (losses if negative) are given by 8 :
In our framework the goods produced by the state and the non-state enterprises are perfect substitutes (Y t = Y P t + Y Gt , where Y is denotes total output). Notice that as long as the minimum labor requirement is positive the state enterprises always produce a positive amount of output. Furthermore, given that private enterprises behave competitively, they co-exist with state enterprises only if the minimum labor requirement for the state enterprises is binding (that is, if the SOEs are inefficient relative to the private sector).
Consumers
The consumption side of the economy at any given period t is characterized by N t identical, infinitely-lived consumers who are endowed with one unit of time which they supply inelastically. We assume that population grows at a constant rate, so that N t+1 = nN t , with n > 0.
Consumers derive utility from the consumption of the aggregate good. The representative 7 This condition is satisfied by our calibrated parameters in section 5.
Assuming that the labor condition is binding, L Gt = L. Multiplying (4) by K Gt and using the notation in (1), we obtain R Gt (1 − s)K Gt = (1 − τ )αY Gt . Replacing these expressions in the objective function produces equation (7) .
individual solves the following problem:
where c t is consumption, a t represents the assets held by the individual, w t and r t are the wage rate and the return to savings, respectively, and T C t represents net transfers from the government to consumers. The intertemporal elasticity of substitution is given by
where ρ < 1. Here, and in the rest of the paper, lowercase letters indicate variables in per capita terms.
In the definition of a t , q st−1 represents the return to capital of type s (s = P, G) invested at t − 1 to be used in period t, and k st is the amount of capital in sector s available in period t. The presence of adjustment costs to capital in this model (see section 3.4 below) introduces imperfect capital flows between SOEs and private firms. Returns to capital may differ across sectors and, therefore, consumers see capital in the SOEs and capital in the private firms as different assets.
Government
The government in this economy is modeled as a budget constraint. It obtains revenue from taxes on producers' output, T , and uses the proceeds to fund purchases of the aggregate good, G, which is determined exogenously, and to finance subsidies to the SOE sector (interest subsidies, S K , and direct subsidies, S L , where S L = −Π G and S K = sR G K G ). Any excess funds (costs) are transferred to (born by) consumers in the form of net government transfers, T C. Modeled this way, the government balances the budget every period. Net government transfers can be interpreted as the government surplus (deficit if negative). The budget constraint that the government faces is:
Capital accumulation and market clearing
The output produced in the economy can either be consumed or invested and used by producers to increase their capital stock:
where I st is the investment in sector s (s = P, G) at period t.
We assume that there exist adjustment costs to capital. Capital cannot move across sectors, it depreciates at the constant rate δ, and can only be replaced or increased with new investment. We follow the tradition of Lucas and Prescott (1971) and model the adjustment costs in the following way:
where δ is the depreciation rate of capital, and the adjustment function φ(·) is assumed to be strictly increasing and strictly concave in the investment-capital ratio, and to satisfy
These last two properties are necessary for capital to depreciate at the rate δ in the balanced growth path and, thus, for the adjustment costs not to have any effect in the long run. We use a one-parameter adjustment cost function that satisfies the properties mentioned above adapted from Fernández de Córdoba and Kehoe (1999) and modified to be used in an economy with exogenous technological change and population growth:
In this specific function the 1/(1 − η) is the elasticity of the investment-to-capital ratio with respect to the Tobin's q (Kouparitsas, 1998) . Notice that having capital adjustment costs in the model slows down the transition to the balanced growth path and, therefore, it may reduce the welfare gains of policy reform. In the calibration section we do sensitivity analysis and show how the results change with the degree of adjustment costs.
Feasibility in the labor market implies that the demand for labor equals the total amount of workers available in the country:
The aggregate capital stock in the economy (used to compute TFP) is defined as:
Finally, consistency between per-capita and total variables implies that k t = K t /N t for all t.
Given that we are interested in changes in TFP and output, it is important to summarize the different sources of growth in this model. The only source of long run growth is exogenous technological change, which we denote by γ. Deviations from trend during the transition are due to accumulation of capital and movements of resources between SOEs and private firms.
Definition of equilibrium
Definition 1 Given government policies and initial endowments of capital in each sector K P 0 , K G0 , the equilibrium of this economy is determined by a set of sequences: con-
such that the consumer and producers' (SOEs and private enterprises) problems are satisfied, all markets clear, the laws of motion for capital in each industry and sector are satisfied, and the consistency conditions are satisfied.
In this study we restrict ourselves to equilibria that converge to a balanced growth path.
Following standard procedure in models with exogenous technological change, we solve for equilibrium by constructing a stationary economy the solution of which is equivalent to the detrended solution of our economy (the trend determined by the exogenously given long run growth rate.) That is, ifν t is an equilibrium variable of the stationary economy, the corresponding equilibrium variable in the model economy is ν t =ν t γ t for quantity variables (except labor inputs) and the wage, and ν t =ν t for prices and labor inputs. The corresponding stationary economy is characterized by the same equations as our model economy, with the following changes:
(1) The production functions of the transformed economy become, for s = P, G:
(2) The law of motion of capital in the transformed economy is:
(3) Finally, the discount factor of the stationary economy isβ = βγ ρ and the budget
Policy experiments: a road map
In the rest of the paper we use the model described above to analyze the effect on output, that since we have assumed that adjustment costs to capital do not have a role in the long run, the steady state results in this section apply exactly to the general version of the model.
SOE shares
Assume that the period endowments of capital, K, and labor, N , are given. From the first order conditions (2)-(5) with the feasibility conditions (13)- (14) we can solve for capital and output in each sector as functions of the total capital endowment in the economy and
. Capital in each sector is given by:
Output in each sector can be written as:
Since output from both sectors are perfect substitutes, total output in the period is given by:
where
Therefore, given the policy parameters (s, L), our model without capital adjustment costs is equivalent to a one sector growth model with only one type of firm and with production
The parameter A(s, L), which measures total factor productivity in the economy, is a function of both the capital subsidy rate and the minimum labor requirement, as well as the productivity parameters A P and A G . The following proposition states the behavior of the TFP parameter A(s, L) with respect to the subsidy policies.
Proposition 1 Consider a version of the model economy without adjustment costs to capital.
Let 0 ≤ s < 1 be the capital subsidy rate and 0 < L < N be the SOE's minimum labor requirement. Assume that the period factor endowments K and N are given. The total factor productivity parameter A(s, L) described in (23) satisfies:
This proposition is easily proved by taking derivatives on the expression for A(s, L). Detailed derivations can be found in the appendix.
Proposition 1 implies that, in this economy, increasing SOE employment comes at the cost of lower overall productivity. This is a consequence of the resource allocation effect:
higher SOE employment implies a higher proportion of factors used in the less productive sector and thus lower aggregate productivity. Higher capital subsidy rates have a similar effect: taking the period capital stock as fixed, a higher proportion of capital is used in the less productive sector, reducing overall productivity.
The SOE shares of output, capital, and labor are important variables in this model.
Given the period capital and labor endowments, we can solve for these shares analytically.
Define θ i , i = Y, K, L, as the SOE share of total output, capital, and labor, respectively. By the assumptions of the model we have θ L = L/N . Using the expressions for SOE capital and output above, we obtain:
Notice from these expressions that if s > 0, then θ K > θ Y . Therefore, as long as there are subsidies to capital, the SOE share of capital should be higher than the SOE share of output, with the ratio being non-monotone in the subsidy rate.
Steady state
In this section we solve for the steady state of the stationary economy analytically. Using the first order conditions from the consumer's problem we obtain the rental rate of capital in steady state:r
By replacing this expression in the first order condition for the SOEs, (4), and using expression (18) for the SOE capital, we can solve for the steady state level of capital and output as functions of SOE policies:K
The next proposition states howK andŶ change when the policy parameters change. The proposition is easily proved by taking derivatives of the corresponding expressions in (27) and (28) . Details can be found in the appendix.
The intuition behind proposition 2 is straightforward and is derived from the combination of the factor reallocation effect and the capital accumulation effect. in the proposition ensures that the factor reallocation effect is negative and stronger than the capital accumulation effect. Furthermore, a reduction in the labor requirement increases aggregate productivity. This effect is stronger than the factor reallocation effect, and steady state output increases. Notice that if the condition in the proposition is not satisfied, steady state output still increases (as both the capital stock and productivity increase).
Calibration
Most of the data used in the calibration of the model are taken from the China Statistical Yearbook, issued by the Chinese government. As with any empirical study, the accuracy of the results depends on the accuracy of the reported data. The quality of the Chinese data is questionable, especially for data on output and employment (see Young 2004) . For example, SOEs may have people on their payrolls who are not used in production (but have not been laid off either); SOEs' employees may receive other benefits besides their wages, like housing and school benefits, that are paid by the SOEs. Regarding data on the nature of ownership, government officials may have their own private firms that obtain the same privileges as the SOEs (thanks to their connections), or there may be some SOEs that effectively work as private enterprises. There is not much that can be done regarding data on employment and output and, therefore, this paper suffers from the same problems as all papers using Chinese data. Regarding data on ownership, we take a conservative position and define SOEs as narrowly as possible. In particular, we classify "collective" enterprises as private, even though some of them receive benefits from state or local governments.
We follow Young (2004) and drop the agricultural sector from the model. The main reason for doing this is that data on agricultural output only reflect production that is sold in the marketplace, and they are very distorted. We calibrate the parameters of the model in order to match data on the Chinese National Income and Product Accounts, the Chinese input-output matrix, and the Chinese participation of SOEs in industry for 1997. Ideally, we would like to calibrate the model to 1978, when China started its economic reforms.
Unfortunately, input-output matrices are not available for that year. Furthermore, China did not adopt standard accounting methodology until the 1990s. We chose to calibrate the model to 1997 data since 1997 is the first year for which a complete, meaningful input-output matrix for the Chinese economy exists.
We adjust NIPA and input-output data to the characteristics of the model. We remove the agricultural sector from both sets of data, and we adjust the input-output matrix to balanced trade in order to be consistent with a closed economy model. We normalize GDP in 1997 to be 100, and we measure all variables as a percentage of GDP. Furthermore, we pick labor units so that one unit of labor corresponds to a 1 yuan worth of labor income in 1997. From the 1997 input-output matrix we obtain a capital income of 38.8 and a labor income of 45.5.
The input-output matrix does not distinguish between private and state-owned enterprises. Therefore, we construct the SOE shares of output and inputs from other tables in the China Statistical Yearbook. The SOE share of capital is constructed from investment data using a Harberger-type perpetual inventory method. We obtain θ K = .6. The SOE share of value added is computed to be θ Y = .4. The SOE labor share is determined endogenously, and it is set up to match a value of SOEs' losses as a percentage of non-agricultural GDP of .6 percent (the 1997 value). Given the problems with employment data mentioned above and the fact that China changed the way employment was measured in 1998, we believe this is a sensible approach.
Production and policy parameters. We jointly calibrate the capital share of income α, the tax rate τ , the SOE share of employment θ L , and the interest subsidy rate s from the first order conditions from the producers' problems (2)-(5), the zero profit condition for the private firms, and the SOE profits' condition (7) . The technology parameters are then derived directly from the production functions. The corresponding values for these calibrated parameters are: Notice that in the calibrated economy private firms are 40 percent more productive than SOEs. The parameter A P /A G is crucial for the quantitative results of the paper. We check the robustness of the results relative to this parameter in the sensitivity analysis section.
Finally, we set the minimum labor requirement L to be equal to the SOE share of labor income in 1997.
Preference parameters. We take the time period to be one year, so we set the discount factor β to .96. We pick ρ equal to 0, which implies an intertemporal elasticity of substitution of 1, within the range considered by the real business cycle theory. First order conditions and consumption data from the input-output matrix determine the rest of the parameters.
Government consumption is 13.9 percent of GDP, from the 1997 input-output tables.
Since we are not calibrating to the balanced growth path, we need a rental rate of capital for 1997. We obtain this initial rental rate by dividing the capital income from the inputoutput matrix by an estimate of the capital stock in 1997, obtained using the Harberger-type perpetual inventory method. Technology levels for the SOEs and the private firms can then be inferred from the corresponding production functions.
Adjustment costs of capital. We take the depreciation rate δ to be 8 percent (the average depreciation rate for the period 1987-1997). In order to infer the parameter η notice that, Finally, following Kehoe and Prescott (2002) we consider a long run output growth of 2 percent, equal to the secular growth rate of the US economy in the 20th century. This determines a value of γ equal to 1.02. We take the population growth parameter n to be equal to 1.01, which roughly equals the average growth rate of employment for the period 1990-1997. Table 1 contains a summary of the calibrated parameters and their sources.
Simulation Results
In this section we simulate the calibrated model in order to assess the economic effects of reforms It is important to notice that we have calibrated the economy to capital and investment numbers for 1997 without requiring these numbers to be consistent with the economy being in a balanced growth path in that year. Taking the capital value for 1997 as an initial condition and given the policy parameters for 1997, the economy will evolve to a particular balanced growth path through a transition path. Changing the policy arrangements causes the economy to evolve to a different balanced growth path, through a different transition path.
In 1997, our initial period, China was already in a process of economic reform. In particular, subsidies to SOEs had been declining at steady rates due to the implementation of policies like privatization, sell outs, and closures. In the period 1997-2000, SOE losses as percentage of GDP, our measure of direct subsidies, declined by 44 percent. We match this fact in the model with an annual 2 percent reduction of the minimum labor requirement in the pre-reform period, 1997-2000. 10 We compare the reforme economy to a benchmark economy in which WTO reforms are not implemented. In the benchmark economy, SOE policies in the reform period behave in the same way as in the pre-reform period: the capital subsidy rate stays constant at the calibrated value for 1997, and the minimum labor requirement continues to decrease at the same rate as in the pre-reform period, and it stabilizes afterwards at its corresponding 2005 level. 11
The reformed economy, labeled the direct subsidies economy, implements an additional 26 percent reduction in direct subsidies during the reform period, as required by China's WTO accession documents. 12 This reduction in direct subsidies is obtained through a 6.35 percent decrease in the minimum labor requirement, L, over the reform period. As in the benchmark economy, we assume that L stabilizes after the reform period at its 2005 level.
In both economies the starting period and the phase out periods of the reforms are known by all economic agents. Notice that by waiting four periods before the reforms start, we are 10 In this model, there is a one to one relationship between direct subsidies and the minimum labor requirement, L, since SOE losses are derived from the SOEs' hiring more labor than it is efficient. 11 This assumption is conservative, since literature on Chinese SOE reform (e.g. Lin, Cai, and Li, 1998) reports that by the late 1990s SOE reforms had slowed down considerably. 12 According to Annex 5B of the agreement, "Subsidies to be phased out", the subsidies to be phased out during the reform period represent 26 percent of total SOE losses in 1997. We assume that the targeted subsidies are subsidies that would not have been eliminated otherwise.
not taking into account any reforms implemented between 1997 and 2001 that were required during the negotiation period and which are also linked to the WTO agreement. Abstracting out from these reforms makes our estimates conservative.
In our simulations we solve for the equilibrium of the stationary economy. Given a set of policies, in steady state our environment is equivalent to a two-sector closed economy growth model and the steady state can be computed analytically as in section 4.2. 13 In all simulations, we assume that the changes in policy occur only during the reform period (2001) (2002) (2003) (2004) (2005) . After the reform period policies stay fixed at their values in 2005. Therefore, the steady state policies depend on the reforms implemented during the reform period and, thus, under each scenario the stationary economy converges to a different steady state. In order to compute the transition path, we assume that the economy reaches its steady state in T = 50 periods. In all our simulations, the economy is practically at its steady state after 
Model and Data
In this section we show the evolution of the main economic variables in the direct subsidies economy for the period 1997-2005 and we compare it to actual Chinese data. We would like to emphasize that the model developed in this paper is quite simple and does not have some relevant features of the Chinese economy that have most surely contributed to China's economic performance during the period of study (e.g. international trade, foreign investment.) Given the focus of our paper, abstracting out from these features is not restrictive as long as they have similar effects in the benchmark and the reformed economy. 14 Differences in the evolution of the relevant economic variables may be very substantial, though, when considering the reformed economy in isolation. Therefore, inaccuracy in matching the actual transitional dynamics for the Chinese economy does not necessarily imply that the predictions of the model economy are poor. As long as the inaccuracies are similar in both the benchmark economy and the direct subsidies economy, they will be washed out in our comparisons and they will not affect the results of the exercises performed in this paper. In all figures presented below, we detrend both the data from the model and the actual data by the calibrated trend, which assumes a 2 percent annual output growth. Notice that since the model abstracts out from the primary sector, all variables are computed for the secondary and tertiary sector only.
Figures 1 compares real GDP indices for the model and the actual data. The model
roughly matches the trend but it misses the growth rate: real GDP grows much faster in the data than in the model. This suggests that there is some important factor that contributes to the high growth rates in China that is not accounted for by the model. The figure also presents data on the Chinese real GDP level detrended at a 7.5 percent growth rate, chosen to roughly match TFP growth in the data for the period 1997-2005. We observe that even when the data is detrended at the higher rate, output strill grows faster in the data than in the model. Notice, again, that as long as this factor does not change substantially when SOE subsidies are reduced, our strategy of comparing the reformed economy to a benchmark washes it out.
Figures 2A and 2B present a detailed analysis of the evolution of TFP over the period
for the model and the data, respectively. Following Kehoe and Prescott (2002) we perform a growth accounting exercise to separate the effects of technological improvements in TFP (the factor reallocation effect) from those of capital accumulation (the capital accumulation effect). In particular, we decompose the logged GDP per worker as:
where Y t is real GDP per worker, K t /Y t is the capital-output ratio, α is the capital share of income (which has a calibrated of .36), and γ is the long run growth rate. The first two terms on the right hand side of the equation are the TFP related terms and are calculated as a residual. In this environment, the capital accumulation effect is captured by the contribution 14 We have run the experiments for a more complicated version of the model with international trade and open capital markets, and we find that welfare gains of reducing direct subsidies are similar to the ones presented in the paper.
of the capital-output ratio to growth, whereas the factor reallocation effect is captured by the contribution of the TFP terms. In the model the factor reallocation effect after liberalization is clearly observed in figure 2A . After 2001, the TFP term accounts for a higher proportion of GDP growth than it did in the pre-reform period. Figure 2B shows the same decomposition for the actual data. We do not observe the increase in the factor redistribution effect in the Data on investment-to-output ratios and consumption-to-output ratios are plotted in figures 3 and 4. In the data, the investment-to-output ratio is almost constant in the prereform period, and it increases after 2001 at an average annual rate of 6.8 percent. The consumption-to-output ratio does not vary much from 1997-2000 and decreases at a sharp rate after 2001. The model is not able to match these facts: investment-to-output is almost constant after 1998, and consumption-to-output slightly increases over the whole period of study. Therefore, the data suggest a sharp increase in investment after WTO accession, matched with a smaller decrease in the consumption-to-output ratio, which is not present in the model. The reduction in the consumption-to-output ratio reflects also an increase in domestic investment. Figure 5 plots the direct subsidies-to-GDP ratio for the actual data and the model economy. Recall that direct subsidies are equivalent in this paper to SOE losses. We observe that the graphs for the model and the actual data are pretty close to each other. Since we calibrate the model to match the decrease in direct subsidies during the pre-reform period, it is no surprise that the graphs are close in this period. More surprising is the match in the reform period, 2001-2005, where direct subsidies-to GDP decreased from .3 percent in 2001 to .1 percent in 2005. We interpret this as China actually implementing the WTO requirements, and reducing subsidies in the amount requested. The fact that the SOE subsidy ratio does not decrease further in the data can be taken as anecdotal evidence that the SOE reforms implemented prior to WTO accession were almost completed, and that China needed a further push, like WTO requirements, to be able to implement further reforms.
The flatter curve in the period 1999-2001 is also consistent with this argument.
The evolution of the SOE shares of output, employment, and investment are plotted in Finally, figure 9 shows the growth rate of labor earnings relative to GDP. Labor earnings grew much faster than GDP in the data (between 2 and 2.5 times faster), while in the model the decrease in the direct subsidy to GDP ratio during the reform period and the decrease in the SOEs shares of output and employment. These results suggest that the modeling assumptions regarding the relationship between direct subsidies and employment in SOEs are sensible. The model is less successful at predicting variables related to investment. It predicts a much lower investment-to-output ratio than what we see in the data, it under-predicts the growth rate of labor earnings, and it does not match well the SOE share of investment.
This suggests that any model aimed at explaining the high growth rates experienced by the Chinese economy has to be able to account for China's high investment-to-output ratios. per capita and GDP growth rates, respectively. Notice that, in the initial periods, before reforms are implemented, the GDP level and the growth rate are higher in the benchmark economy than in the direct subsidies economy. In particular, pre-reform growth rates are 2 percent below benchmark. Once the reforms start, though, the growth rate is higher in the reforming economy. The intuition for this result is the following: knowledge of future reforms in the SOE sector together with the adjustment costs of capital imply lower initial investment in the SOE sector for the direct subsidies economy. This lower investment is not totally compensated by higher investment in the private sector (see figure 12 ). 16 The result is lower initial investment, lower GDP levels, and lower growth. In the reform period, higher growth rates are achieved through reallocation of resources to the more efficient private sector. As labor is freed from the SOEs, both capital and labor move to the private sector (the factor reallocation effect). The SOE's share of production decreases ( figure 13 ) and
Comparisons with the benchmark
overall productivity increases ( figure 14) . The lower investment rates imply a lower capital stock in the reformed economy ( figure 15 ). The increase in TFP more than compensates for the decrease in investment, leading to a long run GDP level in the detrended economy that is slightly above benchmark. In the pre-reform period, both wages and interest rates are higher than benchmark, reflecting the expectations of higher overall productivity in the future. Once productivity gains have 16 Since capital is not subsidized in the private sector, it is relatively more expensive compared to labor than for the SOE sector. The private sector, thus, uses less capital per worker than the SOE sector.
been materialized, the SOE's share of output is smaller than in the benchmark economy, and low interest rates reflect the lesser need for capital in the reformed economy. Notice that wage rates become smaller than in the benchmark at the beginning of the reform period, indicating that as capital becomes relatively cheap, both types of firms increase the capital intensity in their production.
Finally, we find that lifetime welfare, in terms of equivalent variation, is 1.5 percent higher in the direct subsidies economy. 17 This higher welfare is driven by both the factor reallocation effect and the capital accumulation effect. As resources reallocate from the (less productive) SOE sector to the (more productive) private sector, the economy becomes more efficient. Productivity increases, increasing welfare. The capital accumulation effect has two offsetting effects on welfare. First, as the share of output produced by private firms increases, there is a lesser need to invest in capital so a bigger share of output is now devoted to consumption. This reinforces the increase in welfare. On the other hand, as less capital is accumulated, there is less output produced, which tends to reduce welfare.
In this experiment, the first effect dominates. Figure 18 plots consumption levels relative to benchmark. Consumption is consistently 1 percent above benchmark, even though the output level is below benchmark for most of the pre-reform and reform periods.
Sensitivity analysis
We perform sensitivity analysis on three parameters: the capital adjustment costs parameter, the minimum labor requirement parameter, and the SOEs' relative TFP level. The latter is very important, since it determines the relative inefficiency of the SOEs, which in turn is key in determining the magnitude of the welfare gains from shrinking the SOE sector.
Given the nature of the numerical experiments in this paper, performing sensitivity analysis involves solving for the benchmark economy and the direct subsidies economy under the new parameter values and comparing their transitions paths and welfare levels.
Capital adjustment costs parameter. The capital adjustment cost parameter is relevant in determining the length of the transition process. By limiting capital mobility, this parameter slows down the transition to the balanced growth path. It also affects the SOE's investment decisions in the initial periods. High adjustment costs make reallocating capital more difficult and, therefore, increase the costs of committing capital to a specific industry or sector. In order to understand the effects that the adjustment costs have in our results, we reproduce the first numerical experiment (comparing the direct subsidies economy to the benchmark economy) for a wide range of values of the parameter η. We find that the welfare gains of liberalization are pretty stable with respect to the value of the parameter. Increasing the adjustment costs so that η = .5, which implies an elasticity of the investment-capital ratio with respect to the Tobin's q of 2, would decrease the welfare gains of reform by .13 percentage points. Eliminating the adjustment costs of capital would increase welfare gains from reducing direct subsidies by .04 percentage points. By assuming adjustment costs of capital, the model has a slower transition and delivers slightly more conservative estimates of the gains from reform than we would obtain if we ignored such costs. Table 2 presents the welfare gains of liberalization for a wide range of values for the parameter η. Relative SOE productivity. The last set of parameters on which we do sensitivity analysis are parameters that determine the relative inefficiency of the SOE sector. The relative inefficiency of the state sector is given by the ratio of productivity levels A P /A G . We rerun the experiment in section 5.1 under two different situations. First, we modify A G so that the difference between private and state productivity levels is 4 percent lower than in the calibrated economy. Second, we modify A G so that the difference between private and state productivity levels is 4 percent higher than in the calibrated economy. We compute the equilibrium of the benchmark economy and the direct subsidies economy under the new set of parameters and compare welfare levels. When increasing the SOEs' efficiency direct subsidy reform produces welfare gains of 1.51 percent, or .05 percentage points lower than in the original experiment. When the SOEs' efficiency is reduced, the welfare gains of reform become 1.61 percent, or .05 percentage points higher than in the original experiment.
Given the importance of the relative SOE productivity in determining the results in this paper, we perform a third sensitivity check. We recalibrate the model using data for the year 2000, another year for which the Chinese government reports an input-output matrix.
The values of the variables needed to calibrate the parameters in table 2 vary relatively little with respect to 1997, with the only exception of the SOE losses to (non-agricultural) GDP ratio, which is halved (the values are .3 percent for 2000 and .6 percent for 1997.) Using data for 2000, we obtain a calibrated value for A P /A G equal to 1.39, only .01 percentage points bigger than the 1997 value. Therefore, for the two years for which we have input-output data, the relative productivity of SOEs is practically the same.
8 The role of subsidies to capital WTO accession may have implicit effects on the SOE sector that are difficult to assess. In particular, it is hard to quantify how much the preferential lending rates from state banks to the SOEs will change with the increase in competition in the financial sector driven by WTO provisions. Nevertheless, we believe that these effects are potentially important and, therefore, that it is worthwhile presenting representative numerical experiments that illustrate the welfare effects of a reduction in the capital subsidy rate alone and in combination with a reduction in direct subsidies. We consider two additional policy scenarios that we compare to the benchmark economy. In the first scenario only capital subsidies are reduced.
In the second scenario we reduce both capital and direct subsidies simultaneously.
Reduction in subsidies to capital
This section considers an economy that implements a 2 percent gradual reduction in the capital subsidy rate to SOEs, s, during the reform period. Minimum labor requirements are kept at the same levels as in the benchmark economy and, therefore, direct subsidies to SOE are endogenously determined. We label this new scenario the capital subsidies economy.
Even though the reduction in the capital subsidy rate that we consider may seem small, the reduction in subsidies to capital is substantial in absolute terms. It amounts to about 3 percent of GDP over the reform period, or to an annual reduction in capital subsidies equivalent to twice the value of total SOE losses for 1997. 18 The transitional dynamics of the capital subsidies economy are plotted in Figures 10-18 . The main effect of reducing subsidies to capital is a reduction in the rate of capital accumulation in the economy (capital accumulation effect). As capital becomes relatively more expensive for the SOEs once reforms are enacted, they shift their input mix in favor of labor. Given that capital cannot move freely across industries or sectors, SOEs respond to the future increase in the costs of capital by investing less during the pre-reform periods.
The economy accumulates capital at a lower rate and both the real GDP level and the real GDP growth remain below benchmark. Nevertheless, TFP levels are consistently above benchmark (factor reallocation effect). Compared to the direct subsidies economy, the TFP levels increase faster in the pre-reform periods and more slowly afterwards. This result is driven again by the SOEs' expectations of higher costs of capital in the future. SOE shares are slightly below benchmark and welfare is .6 percent higher than in the benchmark economy. It is important to notice that since the labor restriction has not changed in this experiment, SOEs are making bigger losses in the reformed economy than in the benchmark.
In particular, SOEs' direct subsidies as a percentage of GDP increase by 43 percent over the reform period.
This experiment shows that small reductions in capital subsidy rates can produce significant welfare effects. Therefore, quantifying the effect on capital subsidies of the WTOinduced increases in competition in the financial market may be important, and it is a subject for future research.
Reduction in both direct subsidies and capital subsidies
This section considers an economy that jointly implements direct and capital subsidies' reforms. In particular, we consider a policy scenario where direct subsidies are reduced by an additional 26 percent over the reform period compared to the benchmark (as in the direct subsidies economy), at the same time that the capital subsidy rate is lowered by 2 percent (as in the capital subsidies economy). The rationale behind this experiment is that more competition in the financial market may require deeper reforms in the labor market,
given any targeted reduction in direct subsidies, thus amplifying the welfare effects of the WTO-required reforms. We label this economy the both subsidies economy.
For a given minimum labor requirement, reducing the capital subsidy rate increases the costs of production and SOEs make higher losses. Therefore, a much larger reduction of the minimum labor requirement is needed in order to reduce the direct subsidies by the required amount. In particular, with a 2 percent reduction in the subsidies to capital, we need a 20.1 percent reduction in the labor requirement in order achieve an additional reduction of 26 in direct subsidies.
Transitional dynamics for the both subsidies economy are also presented in Figures 10-18 .
In this experiment, the factor reallocation effect and the capital accumulation effect reinforce each other. The joint implementation of the subsidy policies causes a faster reallocation of resources towards the private sector. The SOEs share of output decreases faster in both the pre-reform and the reform period ( figure 13 ), increasing overall productivity levels much faster than in the direct subsidies economy ( figure 14 ). Since the private sector is less capital intensive, there is less need for investment ( figure 12 ), reducing the amount of capital in the economy and the real GDP level (figure 10) much more than in the direct subsidies economy. The highest discrepancy in terms of GDP levels between these two economies occurs in the first year of the reform period. Real GDP growth is smaller during the prereform period and higher in the reform period than in the direct subsidies economy ( figure   11 ). The lower growth rate of the initial periods emphasizes the fact that the economy reacts to the knowledge of future reduction in subsidies before those are actually adopted.
The effect on wages and the interest rate are similar to the direct subsidies' economy, with the discrepancies relative to benchmark also amplified.
Finally, the welfare gains for the both subsidies economy are of 5.4 percent, well above the 1.5 percent obtained in the direct subsidies economy. Most of the welfare gains are driven by the extra reduction in SOE employment that is needed in order to comply with WTO requirements when a reduction in capital subsidies is also implemented.
Conclusion
By becoming a member of the WTO China accepted regulations that imposed reductions of government subsidies to its state-owned sector. In this paper we quantitatively assess the economic effects of these regulations. We develop a dynamic applied general equilibrium model where the state-owned sector is explicitly modelled. We find that the welfare effects of reducing the ratio of direct-subsidies to GDP by an additional 26 percent during the reform period (which is on the lines of China's WTO accession protocol) are in the order of 1.5 percent. This is a conservative measure, since it does not include effects on the SOE sector from provisions that may reduce the ability of state banks to subsidize SOE's capital.
A contemporary reduction in the capital subsidy rate to SOEs by 2 percent increases the welfare gains to 5.4 percent. The welfare benefits from the reduction in SOE subsidies are derived from reallocating factors of production from the SOEs to more efficient private firms, and the changes in investment decisions that this move generates.
This paper has several important implications that extend beyond the case of China.
First, it shows that transitional dynamics are important in understanding the full effects of industrial subsidy reform. Reforming economies grow below benchmark in the pre-reform periods and above benchmark after reform has started. Considering only long run implications of the reforms would miss out this non-monotonicity. Second, overall welfare benefits from trade liberalization may be significantly higher than the benefits derived from pure trade policy reform. Trade liberalization may induce a reallocation of resources from less productive, subsidized firms to more efficient private firms, with the subsequent increase in overall productivity and welfare. This is especially the case in developing countries that have large and highly inefficient state sectors. For such countries abstracting from modeling the state sector may lead to a significant underestimation of the benefits of trade liberalization.
The framework in this paper has some limitations that we expect to address in future research. First, we model the aggregate economy. Further disaggregation would allow us to capture inter-industry effects, which would be useful for countries that have industryspecific subsidies. Second, we do not model unemployment costs. Adding adjustment costs of employment would further smooth the transition process. Finally, we ignore monopoly power and agency issues that are often present in state-owned or subsidized sectors and that may affect SOEs' productivity. (20) and (21) , and letting κ G = K G /L and κ P = K P /L P , where L P = N − L, we obtain:
From (2) and (4) we obtain that:
Therefore, the expression above holds if and only if:
Given that ∂K G /∂L = K(H + L(B − 1))/H 2 > 0,
a sufficient condition for this expression to hold is A G ≤ A P (1 − s) α , which is condition (6) . Notice that the expression above is equal to zero only if both s = 0 and A P = A G .
3. To prove this, we use the fact that ∂B/∂s = −B/ [(1 − α)(1 − s)] and ∂H/∂s = (N − L)(∂B/∂s). Taking the derivative of A(s, L) with respect to s and simplifying, using these expressions, we obtain:
The expression on the right hand side is always non-positive, and it is equal to zero only when s = 0 or L = 0 or L = N. 
Then, taking derivatives:
The expression above is non-negative, and it is strictly positive for L > 0.
RewritingŶ as:
we obtain:
This expression is non-negative, and it is strictly positive for L > 0.
2. Taking the derivative ofK with respect to L, we obtain:
which is strictly negative if A G > A P (1 − s).
Taking the derivative ofŶ with respect to L in expression (28) we obtain:
Notice that the second term is negative if condition (6) 
